Introduction
INDOT permits the use of air cooled blast furnace slag (ACBFS) as a conventional aggregate. The material can be used in granular base, hot mix asphalt, Portland cement concrete, embankments, and fill applications. ACBFS has been used in unbound applications at numerous sites in the LaPorte District in Northern Indiana. To lessen the chance of ACBFS causing leaching problems, INDOT required ACBFS products to pass the Indiana Test Method (ITM) No. 212. However, some INDOT staff have observed that leachate from sites where ACBFS has been used reportedly can have periodic greenish leachate and odor issues (Nevers, 2016) . This project was conducted to better understand whether certain ACBFS usage applications were a problem, the extent of the problem, and how neighboring states addressed similar issues, as well as to help INDOT identify how they can modify their ITM to only permit ACBFS usage when it does not cause conditions that exceed Indiana water quality standards.
The project objective was to understand the factors that influence slag leaching, review remediation strategies, and identify applications where future usage restrictions or siting criteria are needed, if any. A literature review of government documents, peer-review, and trade industry literature was conducted to ascertain which factors could cause ACBFS chemical leaching issues such as high pH, color, and odor. The literature was also examined for adaptive measures that could lessen the chance of chemical leaching, thereby enabling ACBFS usage. The project team conducted a site visit to an ACBFS storage facility and steel mill that generated the ACBFS. The project team also contacted other state transportation agencies to determine to what degree they incorporated ACBFS into their projects.
Findings
• ACBFS has been used for roadway construction in and outside Indiana. BFS contains a higher loading of many heavy metals than soil and also contains sulfur. The sulfur content in ACBFS is about 5-10 times higher than that in steel slag. Total sulfur in ACBFS has been estimated to be 1% to 2% by weight. In one study, the total amount of sulfur in ACBFS was 10,000 mg S/kg slag. • A variety of material properties and chemical, environmental, and experimental conditions can affect ACBFS leaching. The cooling process can influence ACBFS physical properties. The age of ACBFS, the pH and temperature of leachant, and the redox condition in the field can influence chemical leaching. Factors in the ACBFS production process (i.e., temperature, feedstocks), cooling method (whether or not water was used), how ACBFS was transported, and environmental conditions before it was tested may also influence the product's leaching performance. Few studies were found that compared ACBFS performance and isolated different material and environmental factors to determine which controlled chemical leaching.
• The ability of the existing ITM 212 testing procedure to help identify ACBFS that could pose problems once installed is unclear. For example, ITM 212 required leachate pH to be between 6.0 and 10.5, while Indiana water quality standards required surface water pH to be between 6.0 and 9.0. In addition, diff erent construction applications (i.e., subbase vs. embankment) may require diff erent levels of testing and performance criteria for ACBFS use, because the environmental exposure conditions in each application diff er. Also, it is unknown if, by following the ITM 212 or ITM 207, ACBFS physical sampling procedures result in tests where leachate is representative of the stockpiles. One question is whether or not the sample size tested (0.0005% of a stockpile) and where samples are collected are representative of the entire stockpile used for an INDOT application. Ohio requires ACBFS stockpiles to pass a leaching test, Supplement 1027, for unbound applications. The acceptance test includes criteria for leachate color, pH, conductivity, and total dissolved solids.
• Weathering, use of water before and during storage (i.e., washing ACBFS on belt, spraying water on stockpiles), coating ACBFS, and mixing ACBFS with other materials are reported as viable methods to reduce leaching. Constructed wetlands have indicated some eff ectiveness for reducing ACBFS leachate pH, salinity, sulfate, and some species levels. However, many studies did not report one or more of the following: the type of BFS tested (ACBFS vs. GBFS), the slag production process, initial composition before the leaching test, slag age when tested, and environmental conditions when it was stored. Lack of this information inhibited evaluating the feasibility of adopting these methods in Indiana.
Implementation
Based on results of this study, INDOT should consider the following actions:
• Revise ITM 212 by (1) extending test duration to 15 days, (2) changing the pH acceptance criteria from 6.0-10.5 to 6.0-9.0, (3) adding material acceptance criteria such as total sulfur (2%), conductivity (2,400 µmho/cm), and total dissolved solids (1,500 mg/L), and (4) adding an additional siting criterion for ACBFS usage at locations where water has long-term access to the material. • Adherence to the ITM 207 sampling procedure at a minimum, because it is unclear if the stockpile sampling method infl uences ACBFS leachate performance.
• Prohibit unbound ACBFS from being used (1) for construction applications where ground water could contact the material, (2) near environmentally sensitive and populated areas, and (3) where a drainage system is not present. This is to reduce the potential that ACBFS is incorporated into applications where leaching could be a short-or long-term challenge.
• Additional work to improve the abilit y of INDOT to detect ACBFS that would cause short-or long-term chemical leaching problems is needed. Eff orts could include (1) evaluating and optimizing stockpile sampling practices for representative sampling, (2) improvement of the ITM 212 to better predict worst-case leaching conditions and leachate quality, and (3) head-to-head comparison of bench-scale and fi eld-scale leaching results. It is recommended that INDOT consider incorporating input, like the present study, from ACBFS suppliers in future work.
INDOT may consider inspecting former sites where ACBFS was used to assess their conditions.
